Coordination between different motor centers is essential for the orderly production of all complex behaviors. Understanding the mechanisms of such coordination during feeding behavior in the carnivorous mollusc Clione limacina is the main goal of the current study. A bilaterally symmetrical interneuron identified in the cerebral ganglia and designated Cr-BM neuron produced coordinated activation of neural networks controlling three main feeding structures:
Introduction
Any complex behavior requires a specific coordination between various neural networks controlling its different aspects in order to achieve a meaningful behavioral output. Such coordination ensures the orderly production of a complex behavior and represents a universal principle of CNS functioning in both vertebrate and invertebrate animals. The focus of the current study is the feeding behavior of the carnivorous pteropod mollusc Clione limacina and the neuronal mechanisms of coordination between the main elements of this complex behavior.
Clione is a highly specialized carnivore, which feeds only on two species of shelled pteropod molluscs of the genus Limacina (Wagner 1885; Lalli 1970; Lalli and Gilmer 1989) . To seize its prey, Clione rapidly protracts tentacle-like oral appendages, called buccal cones, which surround the Limacina shell and hold it during the subsequent phases of feeding. Once buccal cones have gripped the prey, they begin to manipulate it so that the shell aperture is pressed against the mouth of Clione. Then two other feeding structures, chitinous hooks and the radula, are used to extract the soft body of Limacina from its shell, to be swallowed whole. The radula is a specialized structure found in all gastropod molluscs. Its rhythmic protraction-retraction movement is designed to seize the food and bring it to the opening of the esophagus. Chitinous hooks, which normally are retracted inside two symmetrical muscular hook sacs, are unique to Clione and other molluscs from the order Gymnosomata and reflect a high food specialization (Lalli 1970; Lalli and Gilmer 1989) .
The functional role of the hooks is to grab the soft body of Limacina and pull it out of the shell into the buccal cavity. Hook activity is also rhythmic and consists of protraction and retraction phases.
We have shown in the previous investigation that the rhythmic movements of radula and hooks are highly coordinated in a phase-dependent manner (Malyshev and Norekian 2002) . This phasedependent coordination was observed on the behavioral level and was always recorded on the motoneuronal level during spontaneous and induced rhythmic activity. Hook protractor neurons Coordination of Neural Networks 4 were active in the same phase with radula retractor neurons, while hook retractor neurons were bursting in phase with radula protractor neurons (Malyshev and Norekian 2002) .
We describe in this study and discuss the role of a bilaterally symmetrical cerebral interneuron, designated Cr-BM cell, which produces a prominent excitatory influence on all neural networks that control three major feeding structures in Clione: buccal cones, chitinous hooks and the radula. A preliminary general description of some of these effects has been previously published (Norekian 1995) . The overall strong excitatory influence produced by the Cr-BM neuron on all identified feeding neural networks is presumably important during the "prey extraction" period of the feeding behavior, following the prey capture. In addition to the overall activation, the Cr-BM neuron has a strong coordinating influence on the individual elements of each neural network, which contributes to the phase-dependent coordination of their rhythmic activity. The Cr-BM interneuron apparently uses GABA as its excitatory transmitter based on double-labeling experiments, mimicking effect of exogenous GABA and blocking effects of GABA antagonists. This represents another interesting example of the excitatory role of GABA in the feeding behavior of Clione (Norekian 1999; Arshavsky et al. 1993 ).
Methods
Adult specimens of Clione limacina were collected at Friday Harbor Laboratories, University of Washington (Friday Harbor, WA) in the Spring-Summer season and at the White Sea Marine Laboratory of the Zoological Institute (White Sea, Russia) in the Summer-Autumn season. The animals were held in 1-gallon jars in a refrigerator at 5-7°C. Prior to dissection, animals were anesthetized in a 1:1 mixture of seawater and isotonic MgCl 2 and then tightly pinned to a Sylgard-coated Petri dish. Electrophysiological experiments were performed on reduced preparations consisted of the CNS, head, and wings. All central nerves innervating the Coordination of Neural Networks 5 head were intact. Prior to electrophysiological recording, the sheath of the central ganglia was softened by bathing the preparation in a 1 mg/ml solution of protease (Sigma, type XIV) for 5 minutes, followed by a 30-minute wash in filtered seawater.
Intracellular recordings from individual neurons were made with glass microelectrodes (resistances 10-30 MΩ) filled with 2 M potassium acetate. Electrophysiological signals were amplified, displayed, and recorded using conventional electrophysiological techniques.
Intracellular stimulation was achieved via an amplifier bridge circuit. To test for monosynaptic connections, a high divalent cation solution was used (in mM: 110 MgCl 2 , 25 CaCl 2 , 400 NaCl, 10 KCl, and 3 NaHCO 3 , pH 7.4). For morphological investigation of recorded neurons, a 5% solution of 5(6)-carboxyfluorescein (Sigma) prepared in 2 M potassium acetate was iontophoresed via the recording electrodes (resistances, 20-40 MΩ) with 1-10 nA negative current pulses for 5-30 minutes. Injected cells were observed live in the recording dish with a Nikon (Japan) epifluorescence microscope and with a BioRad (Hercules, CA) MRC 600 laser scanning confocal microscope.
GABA was applied locally to the soma of identified neurons via pressure ejection or iontophoretic application. For pressure ejection, glass micropipettes were filled with 5 mM GABA solution in filtered seawater and connected to the air-pressure system (PV830 Pneumatic PicoPump, WPI, USA), which delivered pressure pulses of 40 to 60 p.s.i. and 200 ms duration.
Fast Green dye (0.02 %) was added in the solution for monitoring the drug delivery. For iontophoretic application we used glass micropipettes with tip diameter 1-2 µm filled with 1 M GABA solution (pH 4). Iontophoretic currents had amplitude between 50 and 100 nA and were applied as brief pulses of 50-100 ms duration (Stimulator S4KR and Stimulus isolation unit SIU 4678, Grass instruments). GABA antagonists were applied with the use of a graduated 1-ml Coordination of Neural Networks 6 pipette. The final concentration was estimated from the known volume of injected solution and the known volume of saline in the recording dish.
For the wholemount immunocytochemical procedure, the preparations were fixed for 3 hours in 4% paraformaldehyde and 0.1% glutaraldehyde in PBS (pH=6.5-7.0) at room temperature (15-20°C). To reduce high nonspecific fluorescence caused by glutaraldehyde fixation, the tissues were incubated overnight in 4% sodium borohydride in PBS (Kosaka et al. 1986 ). The preparations were washed for 12 hours in PBS and preincubated in PBS containing 0.1% triton X-100 to increase tissue permeability. The tissues were then exposed to 6% goat serum in PBS and 0.1% Triton X-100 for 6 hours to reduce nonspecific staining, and incubated 36 hours at 5°C in GABA antibody (polyclonal GABA antisera raised in guinea pig; Eugene Tech International, Inc., Ridgefield Park NJ). The dilution of primary antibody was 1:500. After a 12-hour wash in PBS, the tissues were placed for 24 hours in fluorescein-labeled secondary antibody (working concentration 40 µg/ml; anti-guinea pig IgG produced in goat; Vector Labs, Burlingame CA). The secondary antibody was removed with several PBS exchanges, and preparations were washed overnight. The tissues were then cleared in xylene, mounted in DPX, and examined in wholemount with a Nikon fluoresence microscope and a Bio-Rad MRC 600 laser scanning confocal microscope. The first set of control experiments included preadsorption of the primary antibody with 50 µM GABA-BSA conjugate for 6 hours before processing the tissue. In the second set of controls, primary antibody was omitted from the procedure. No staining resulted in both sets of control experiments. 
Results

The Cr-BM interneuron morphology and overall effect on the neural networks
The bilaterally symmetrical Cr-BM interneuron was located on the ventral surface of the cerebral ganglia in the anterior region between the head nerves N1 and N2 that innervate the head of the animal (Fig.1) . The size of the cell body was 25-30 µm in diameter. A single large axon of the Cr-BM neuron exited the cerebral ganglia into the ipsilateral cerebro-buccal connective and innervated the neuropile of both buccal ganglia (Fig.1) . A few small processes also branched in the neuropile of the ipsilateral cerebral ganglion. The morphological structure of 16 Cr-BM interneurons was studied in 12 preparations after intracellular injection with the fluorescent dye carboxyfluorescein.
The intracelular activation of the otherwise silent Cr-BM interneuron produced a prominent effect in the semi-intact preparation -opening of the skin folds that cover the mouth of Clione and rhythmic muscular contractions of the buccal mass, which included coordinated protraction-retraction movements of hooks and radula (N=24). Intracellular recordings from the motoneurons controlling radula and hook movements demonstrated the corresponding rhythmic activity (Fig.2) . Induced by the Cr-BM neuron, rhythmic activity in the radula controlling network always started from the burst of spikes in the radula protractor Bc-RP motoneurons and Bc-PIN interneuron (N=20; Fig.2A ). The Bc-PIN interneuron has been previously identified as a Coordination of Neural Networks 8 part of the radula rhythm generator, which is active in the radula protraction phase (Arshavsky et al., 1993) . Radula retractor Bc-RR motoneurons were inhibited during this initial phase. In the hook controlling neural network, intracellular stimulation of the Cr-BM neuron produced initial burst of activity in the hook retractor Bc-HR motoneurons and inhibition of the hook protractor Bc-HP motoneurons, which were followed by a few cycles of rhythmic activity (N=18; Fig.2B ).
Stimulation of the Cr-BM interneurons also triggered a prominent spike activity in the Cr-A neurons, which control opening of the skin folds and buccal cone protraction (N=32; Fig.2C ).
Specific synaptic connections produced by the Cr-BM interneurons
The Cr-BM interneuron induced rhythmic activity in the buccal neural network controlling radula movements. Radula protractor motoneurons received prominent excitatory PSPs from the Cr-BM neurons. Each induced Cr-BM neuron spike produced a single Bc-RP neuron EPSP, which persisted in the high divalent solution suggesting monosynaptic connection (N=14; Fig.3A ). The Bc-PIN interneuron, which is active in the radula protraction phase, also received prominent excitatory inputs from the Cr-BM interneuron. Each Cr-BM spike generated a large-amplitude EPSP in the Bc-PIN cell, which persisted in high divalent solution (N=26; Fig.3A ). Radula retractor Bc-RR motoneurons received inhibitory inputs from the Cr-BM interneurons. Each induced Cr-BM neuron spike triggered a single Bc-RR neuron IPSP, which persisted in high divalent solution suggesting monosynaptic connection (N=12; Fig.3B ). Thus, having the overall excitatory effect on the radula controlling neural system, the Cr-BM neurons also produced coordinating inputs to the specific elements of this system ensuring that radula protractor and radula retractor neurons are active in the opposite phases of their rhythmic cycle.
Stimulation of the Cr-BM interneuron induced rhythmic activity in the hook controlling neural system. The effect produced by the Cr-BM neuron on the buccal hook retractor Bc-HR Coordination of Neural Networks 9 neuron was excitatory (N=18; Fig.4A ). However, there was always a short delay before the onset of the excitation. Close observation revealed that Cr-BM neuron activation always produced a combination of two responses in the Bc-HR neurons (N=15; Fig.4B ). One response was a prominent slow depolarization, which was responsible for the overall activation of the Bc-HR neurons. The second response was represented by fast IPSPs, which appeared at a stable 1:1 spike to IPSP ratio and apparently added to the delay of the overall excitatory response in the Bc-HR neurons. Both types of responses persisted in high divalent solution suggesting monosynaptic connection and could be explained by the existence of two separate receptor types in the Bc-HR neurons. The hook protractor Bc-HP motoneurons received inhibitory inputs from the Cr-BM interneuron. Each induced Cr-BM neuron spike produced an individual IPSP, which persisted in high divalent solution (N=12; Fig.4C ). Thus, the Cr-BM interneuron, in addition to the overall activation of the hook controlling neural system, provided fine coordination of its different elements ensuring their phase specific rhythmic activity.
The Cr-A neurons that control opening of the skin folds and buccal cone protraction are located in the cerebral ganglia, with some of them in a very close proximity to the Cr-BM interneuron location (Norekian and Satterlie 1993a) . The excitatory inputs from the Cr-BM neurons to the Cr-A neurons were highly efficient. However, they were apparently not monosynaptic; some of the induced Cr-BM neuron spikes failed in high divalent solution to produce EPSPs in these cells (N=17). In addition, in the reduced preparations that did not include buccal ganglia, the Cr-BM interneurons did not have any effect on the Cr-A neurons (N=6).
These experiments suggested that a polysynaptic connection between the Cr-BM interneurons and the Cr-A neurons occur via the buccal ganglia. To confirm this suggestion the following experiments were performed. In the semi-intact preparations, several prominent excitatory inputs in the Cr-A neurons triggered by induced bursts of spikes in the Cr-BM interneurons were Coordination of Neural Networks 10 recorded. Then the ipsilateral cerebro-buccal connective was cut with fine scissors. After the cut, all Cr-BM neuron-induced responses in the Cr-A neurons completely disappeared (N=5; Fig.5A ). One of the buccal interneurons, which could be involved in the transition of the excitatory inputs from the Cr-BM interneuron to the Cr-A neurons, was Bc-PIN interneuron. The Bc-PIN interneuron has been previously shown to send an individual axon to the cerebral ganglia and produce activation of the Cr-A neurons ("tentacle motoneurons" according to Arshavsky et al., 1993) . We have found that these excitatory inputs from the Bc-PIN neuron to the Cr-A neurons were apparently monosynaptic. Each induced Bc-PIN neuron spike produced an individual EPSP in the Cr-A neurons, which persisted without failure in high divalent solution (N=11; Fig.5B ). Simultaneous recordings from the Cr-BM neuron, Bc-PIN neuron and the Cr-A neurons revealed that the Bc-PIN neuron was always spiking when the Cr-BM interneuron activated Cr-A neurons (N=14). The Cr-BM neuron-induced EPSPs in the Cr-A neurons appeared only when corresponding spikes were observed in the Bc-PIN interneurons (N=8; Fig.5C ). In addition, when the Bc-PIN interneurons were hyperpolarized and thus functionally removed from the network functioning, the Cr-A neuron response to the stimulation of the Cr-BM interneuron completely disappeared (N=7). This provided strong evidence that Bc-PIN interneuron is indeed the element of the neural network that relays the excitatory inputs from the Cr-BM interneuron to the Cr-A neurons controlling opening of the skin folds and buccal cone protraction.
The noticeable characteristic of all Cr-BM neuron-induced PSPs in the buccal neurons was their prominent facilitation with repetitive Cr-BM neuron firing (Fig.6A,B) . Facilitation was frequency-dependent with the highest values recorded during the Cr-BM neuron spike frequency of 20 Hz and almost disappearing at 1 Hz frequency (Fig.6A,B,C) . Figure 6A 
The Cr-BM interneurons are GABAergic
GABA-immunoreactivity in the Clione central ganglia has been studied before (Norekian, 1999; Arshavsky et al., 1993) . Our detailed analysis of GABA-immunoreactivity in the cerebral ganglia indicated that a pair of brightly stained immunoreactive cell bodies had the same position and body size as the Cr-BM interneurons. Each bilaterally symmetrical neuron with strong GABA immunoreactivity had body size of 25-30 µm and was located on the ventral side of the cerebral ganglia in the anterior region between head nerves N1 and N2 (N=12; Fig.7A ). The following double-labeling experiments undoubtedly demonstrated that these GABA-immunoreactive neurons are Cr-BM interneurons (N=6). One Cr-BM interneuron in each preparation, from the left or the right cerebral ganglion, was injected with neurobiotin and visualized with Texas Red (Fig.7B ). The same preparation was then processed for GABA immunoreactivity with the fluorescein-labeled secondary antibody (Fig.7C) . By switching filters in the same preparation, Cr-BM interneuron was identified as GABA-immunoreactive neuron. Texas Red and fluorescein had very distinct emission wavelengths and were visible only in their own set of filters, thus allowing complete separation of images and clear interpretation of data. Not only the cell body, but also the entire morphological structure of the neurons could be seen through both filters and served as additional matching characteristic. This included a large axon entering the cerebro-buccal connective, and a group of thin processes innervating the neuropile of the ipsilateral cerebral ganglia (Fig.7B,C) .
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Exogenous GABA mimicked the effects produced by the Cr-BM interneuron on all postsynaptic buccal cells. The local application of GABA via pressure ejection or iontophoresis produced depolarization of the radula protractor Bc-RP neurons (N=4; Fig.8A ) and hyperpolarization of the radula retractor Bc-RR neurons (N=6; Fig.8B ). The Bc-PIN interneuron also responded with a prominent depolarization to GABA application (N=9; Fig.8C ). Locally applied GABA also produced depolarization of the hook retractor Bc-HR neurons (N=5; Fig.8D) and hyperpolarization of the hook protractor Bc-HP neurons (N=10; Fig.8E ). There was no indication of hyperpolarization in the Bc-HR neuron, even though Cr-BM neuron produced in this cell a fast IPSP/ slow EPSP combination, which can be explained by the masking effect of more powerful depolarization or the presence of only one receptor type on the surface of somata.
The GABA antagonist, bicuculline, at 1 mM concentration produced a prominent and reversible blocking effect on the Cr-BM neuron-induced IPSPs in the Bc-HP and Bc-RR neurons (N=14; Fig.9A ). Picrotoxin at 1 mM concentration also blocked the Cr-BM neuron-induced IPSPs in the Bc-HP and Bc-RR neurons, although its blocking effect was less effective than effect produced by bicuculline (N=10). Fast IPSPs in the Bc-HR neurons were also blocked by bicuculline and picrotoxin, with slow depolarization remaining intact as the main response to the Cr-BM neuron stimulation (N=4; Fig.9B ). Both bicuculline and picrotoxin at concentrations 1 mM produced a prominent blocking effect on GABA-induced hyperpolarizations in the Bc-HP and Bc-RR neurons indicating that they function as GABA antagonists (N=7; Fig.8E ). Bicuculline also reversibly blocked the Cr-BM neuron-induced fast EPSPs in the Bc-PIN neurons (N=4; Fig.9C ). This effect was partial and less efficient than bicuculline blockade of IPSPs. Piperidine-4-sulfonic acid in concentration 1 mM did not block the Cr-BM neuron-induced EPSPs in the Bc-PIN and Bc-RP neurons, as well as GABA-induced depolarization in these cells, suggesting the different type of GABA receptors in the buccal neurons than in the Cr-A neurons (N=5; Norekian 1999). Incubation Coordination of Neural Networks 13 for 2-5 minutes in the 0.5 mM GABA solution blocked the Cr-BM neuron-induced EPSPs in the Bc-PIN and Bc-RP neurons presumably via occlusion of GABAergic receptors (N=4). These experiments strongly supported the idea that Cr-BM interneurons are GABAergic cells.
Additional postsynaptic effects of the Cr-BM interneurons
The Cr-BM interneuron produced a widespread effect in the buccal ganglia, which was mostly centered on the activity of the neural networks controlling radula and hook movements.
However, the buccal ganglia include neurons with other functional roles. One cell, designated Bc-L neuron, has been identified during this investigation as a putative motoneuron that controls closing of the skin folds over the mouth of Clione. The cell body of the bilaterally symmetrical Bc-L neuron was 20-25 µm in diameter and located in the posterior-medial part of each buccal ganglion (Fig.10A) . A single Bc-L neuron axon exited the ipsilateral buccal ganglion via the short hook nerve and crossed the entire muscular hook sac without any branching (N=4; Fig.10A ). Then the axon crossed the connective tissue that linked the buccal mass with the head and entered the skin fold region. Stimulation of the Bc-L neuron always produced a prominent closing of the skin folds in the semi-intact preparation (N=9). Induced burst of spikes in the Cr-BM neuron triggered a prominent inhibition of the otherwise spontaneously active Bc-L neurons (N=7; Fig.10B ). Each individual Cr-BM neuron spike produced a single IPSP in the Bc-L neuron that persisted in high divalent solution suggesting monosynaptic connection (N=5; Fig.10C ).
Arguably the best-known cell involved in the control of feeding behavior in the gastropod molluscs is the cerebral giant serotonergic MCC neuron. We have found that the Cr-BM interneuron produced excitatory inputs to the MCC neurons (N=8; Fig.10D ). These inputs were relatively weak and polysynaptic in nature.
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Discussion
Coordination between three major feeding structures and underlying neural networks
In our previous study, we have described the phase-locked coordination between rhythmic activity of the hooks and radula, which both extract the prey from its shell and bring it to the gut (Malyshev and Norekian 2002) . Clione does not bite small pieces from the prey during feeding, but pulls the entire body of the prey from its shell, which occurs in 20 to 40 minutes (Wagner 1885; Lalli 1970; Lalli and Gilmer 1989) . The radula and hooks take turns in pulling the prey out of the shell moving in opposite phases of their protraction-retraction cycle and keeping a constant extracting pressure (Malyshev and Norekian 2002) . On the neuronal level, Bc-HP and Bc-RR neurons were always firing in phase with each other (Malyshev and Norekian 2002) . The Bc-HR and Bc-RP neurons were also firing in phase, though there was a slight phase-shift in the Bc-HR neuron bursting, which allowed a brief co-activation between Bc-HR and Bc-HP neurons. In that investigation, we identified some of the neuronal mechanisms, which were responsible for the phase-locked coordination between hook and radula controlling motoneurons (Malyshev and Norekian 2002) . The Bc-HP and Bc-RR neurons, which fire in one phase, were electrically coupled to each other, which explained their synchronous activity. The Bc-HR and Bc-RP neurons were not electrically coupled, which allowed for the observed Bc-HR phase-shift and co-activation of the hook retractor and protractor neurons. The second mechanism of the phasedependent coordination between hook and radula controlling neurons was reciprocal inhibitory connections found between different motoneurons. The Bc-HP neurons produced inhibitory inputs to the Bc-RP neurons briefly terminating their activity, while action potentials in the Bc-RP neurons, in turn, produced inhibition of the Bc-HP neurons (Malyshev and Norekian 2002 ).
In the current investigation, we significantly expand our understanding of the level of coordination between different feeding structures in Clione and the neuronal mechanisms of this Coordination of Neural Networks 15 coordination. The higher-order Cr-BM interneuron produced strong excitatory inputs to the neural networks that control hooks and radula rhythmic movements initiating their activity in quiescent preparations. In addition to this overall excitatory influence, Cr-BM interneuron produced fine-tuned, phase-specific coordination of individual radula and hook controlling motoneurons. The Cr-BM interneuron hyperpolarized both Bc-RR and Bc-HP motoneurons, which are active in one phase of the feeding rhythm. At the same time, Cr-BM interneuron depolarized Bc-RP motoneurons, Bc-PIN interneuron and Bc-HR motoneurons, which are all active in the other phase. Moreover, two types of the Cr-BM neuron synaptic inputs to the Bc-HR motoneurons were responsible for or at least contributed to the phase-shift in the Bc-HR neuron bursting, which allowed a brief co-activation between Bc-HR and Bc-HP neurons. The initial Cr-BM neuron-induced fast IPSPs provided a delay in the Bc-HR neuron burst onset, while slow depolarization eventually over-rode the IPSPs and triggered a burst of activity, which lasted longer than Cr-BM neuron induced burst of spikes. This phase-shift in the Bc-HR neuron bursting created a brief period of co-activation of the Bc-HR and Bc-HP neurons, which is presumably important for producing a fast and powerful protraction movement of the hooks (Malyshev and Norekian, 2002) . Co-activation of the functionally opposite motoneurons followed by the inhibition of one type of cells is a well-known mechanism for a fast and powerful movement (Heitler and Burrows, 1977; Norekian and Satterlie, 1993b) . The previously described mechanisms of coordination between hooks and radula rhythmic movements were internal to their underlying neural networks: electrical coupling and reciprocal inhibition between hooks and radula controlling motoneurons (Malyshev and Norekian, 2002) . The Cr-BM interneuron influence is the external mechanism of this phase-locked coordination. In addition to initiating and controlling in the phase-dependent manner rhythmic activity of the radula and hook motoneurons, the Cr-BM interneuron also produced strong excitatory inputs to a large group of electrically coupled Cr-A neurons that control opening of the skin folds and hydraulic protraction of the buccal cones. Opening of the skin folds and buccal cone protraction are important components of the feeding behavior, which are present during the entire episode of feeding and responsible for capturing and holding the prey. In addition, if the skin folds are not open and buccal cones are not protracted, the hooks and radula can not physically reach the prey.
Thus, Cr-BM interneuron apparently represents an important higher-order element of the feeding neural system with extensive coordinating influence on different participating neural networks.
Excitatory role of GABA in feeding behavior
One important characteristic of the Cr-BM interneurons, which was uncovered during the current investigation, was their GABAergic nature. It was demonstrated by the use of GABA antagonists, mimicking effect of exogenous GABA on postsynaptic neurons, and double-labeling experiments, which showed that Cr-BM neurons are GABA-immunoreactive. GABA was originally known as inhibitory neurotransmitter. However, GABA-induced depolarizing effects were found in several neural systems (Gallagher et al. 1978; Ogata 1987; Pfeiffer-Linn and Glantz 1989; ElBeheiry and Puil 1990; Michelson and Wong 1991; Mercuri et al. 1991; Goldmakher and Moss 2000; Swensen et al. 2000; Beg and Jorgensen 2003) . In some gastropod molluscs, GABA was found to function as an excitatory transmitter producing activation of the buccal feeding motor programs (Bravarenko et al. 2001; Richmond et al. 1993 ). An especially strong case for the excitatory role of GABA in the feeding system was made in Clione. Exogenous GABA produced activation not only of the buccal feeding neural network, but also strong activation of the cerebral Cr-A neurons that control prey capture response of the buccal cones (Arshavsky et al. 1993; Norekian and Satterlie 1993c) . The excitatory GABAergic Cr-Aint interneuron was later identified as a key element for the explosive and lasting discharge activity in the prey capture neural network (Norekian 1999) . The excitatory responses in the Cr-A neurons induced by GABA had reverse potentials above zero and were sodium dependent (Norekian 1999) . In this study, we have identified as GABAergic another important element of the feeding neural system with strong excitatory influence over several neural networks. Thus it appears that GABA acts as a potent excitatory transmitter in the feeding system of Clione.
Cerebro-buccal interneurons in gastropod molluscs
In most gastropod molluscs, the typical feeding response includes biting movements of jaws and rhythmic movements of the toothed radula, which are controlled by the neural networks located in the buccal ganglia. In the several species of molluscs, a group of higher-order interneurons has been identified in the cerebral ganglia that project their axons to the buccal ganglia and influence activity of the feeding neural network. These cerebro-buccal interneurons have been identified in the carnivorous marine mollusc Pleurobranchaea (Gillette et al. 1982) , the pond snail Lymnaea (McCrohan and Kyriakides 1989) and the land slug Limax (Delaney and Gelperin 1990) . But the most detailed investigation of their functional role has been done in Aplysia, in which more than a dozen of the cerebro-buccal interneurons have been identified and studied (Rosen et al. 1991; Hurwitz et al. 1999; Perrins and Weiss 1998; Jing and Weiss 2001) . Two of these cerebrobuccal interneurons have been identified as GABAergic: CBI-3 and CBI-11 neurons (Diaz-Rios et al. 1999; Jing et al. 2003; Wu et al. 2003) . The CBI-11 interneuron produced a prominent excitatory effect on the buccal motor program and was capable of initiating feeding rhythm, while CBI-3 interneuron had regulatory influence Jing et al. 2003) . Identified in the current study Cr-BM interneuron in Clione is also a GABAergic cerebro-buccal interneuron. We believe that Cr-BM interneuron is homologous to the Aplysia GABAergic cerebro-buccal neurons, presumably to the CBI-11 neuron based on its morphology and physiological effect.
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The transmitter nature, morphology and general excitatory role in feeding behavior appear to be similar for these two presumably homologous cerebro-buccal interneurons, Cr-BM interneuron in Clione and CBI-11 interneuron in Aplysia. However, their specific connections and physiological effects are quite different, and reflect the differences in the feeding habits of the animals. High food specialization in the carnivorous Clione is reflected in the appearance of two unique feeding structures (Lalli and Gilmer 1989) . First, the buccal mass in Clione includes not only the radula and radula-controlling muscles, but also two muscular hook sacs with numerous chitinous hooks that are used to pull the prey from its shell. And second, Clione acquired additional feeding structure for prey capture, buccal cones, which represent the protrusions of the buccal skin folds.
These two new feeding structures are controlled by specific neural networks: hook controlling network in the buccal ganglia and a large group of buccal cone controlling Cr-A neurons in the cerebral ganglia. These feeding structures and underlying neural networks are absent in Aplysia.
And the cerebro-buccal GABAergic Cr-BM interneuron in Clione carries a new functional role of activating not only the neural network that controls rhythmic movements of radula, but also activation and phase-dependent coordination of the hook controlling neural network and neural network that controls the movements of the prey capture appendages, buccal cones. interneuron also produced excitatory inputs to the serotonergic cerebral MCC neuron.
